Abstract-the purpose of this paper is to analyze the auscultation signals in Traditional Chinese Medicine utilizing discrete wavelet (DWT) and approximate entropy (ApEn). In this paper ApEn is used to quantify pathological voicing in qi-deficiency, yindeficiency and health using the voice samples in the time and frequency domain. Since ApEn is a viable single figure of merit, it has the potential to make assessment of aberrant voicing both more concise and objective than the subjective analysis adopted by speech and language therapists (SALTs). In this paper, in the first stage, voice signal were decomposed into approximation and detail coefficients using DWT. In the second stage, ApEn values of approximation and detail coefficients were computed. Finally, ApEn values among three kinds of samples were analyzed.
INTRODUCTION
According to the theory of TCM, Sound, the outward sign of vital activities, can reflect the functional activities of zang-fu organs, the wax and wane of the qi, blood and body fluids, and the conditions of their physiology and psychology. Some abnormal sound usually appears in their bodies for the invading of exogenous pathogenic factors and dysfunction of their bodies when people get diseases [1] .
The traditional auscultation of TCM mainly depends on the auditory of experienced Chinese physician to identify the asthenia and sthenia, and the visceral lesions. However, there are a series of factors which may have influence on the results of diagnosis: (1) the diagnosis is not objective enough due to the difference of physician' hearing. (2) It is very difficult to discern the information of diseases effectively for physician who lacks clinical experience. (3) Physician' hearing and memory deterioration may affect diagnostic objectivity as the increasing of their ages. (4) It is apt for physicians to feel fatigue when their diagnosis last too much time, and to make confused and cause misdiagnosis or missed diagnosis when there is too much noise in the surrounding environment. All the factors mentioned above usually lead to inconsistent even totally different results. Therefore, the results of traditional auscultation of TCM are unpersuasive.
In recent years, the researches on quantitative auscultation for traditional Chinese medical diagnosis and related works are not so many and the research of auscultation of TCM is still rarely studied. However, the research results achieved by previous researches should still be mentioned. Y.T. Gao [2] did some systematical research, exploited, collected, and textually research the theory of Five Zang-organs harmonize Pitch in emperor's internal classic. He published four monographs about the theory of Five Zang-organs harmonize Pitch. On clinical application aspect, X.M. Mo [3] has used the Plotter to record the sonogram analysis of patients with cough. Qideficiency, yin-deficiency and TCM excessive syndrome were chosen as samples to do the research. And the result is that the diagnostic specificity of group vowel and sound of cough is higher. N.H Zhang [4] proposed the physiologic voice diagnosis and the pathological voice diagnosis on the auscultation of Traditional Chinese Medicine; he concluded that the physiologic voice diagnosis is the premise for curing the pathological voice diagnosis. Five modern methods about auscultation: aerodynamics diagnosis, laryngostroboscope diagnosis, sound spectrum analysis diagnosis, x-ray electromyography diagnosis were presented. J.R. Yang [5] proposed voice analysis for qi-deficiency patients. He compared the qi-deficiency and the non-deficiency using the parameters: average number of zero-crossings, the variations in local peaks and valleys, and he found that the parameters used have some differences for the samples: qi-deficiency and nondeficiency. Z.X. Yang [6] studied on the voice analysis of yindeficiency patients and proposed three parameters: zerocrossing average numbers, variations on peaks and valleys and variations on formant frequencies as index to identify the qideficiency, the result showed that the accuracy using these three parameters reached 88.24%. Two kinds of methods: traditional methods and nonlinear methods were illuminated briefly by H.J. Wang [7] . Delay Vector Variance method was applied to detect the nonlinearity of the vowel /a/ signals of healthy persons and patients with deficiency syndrome by J.J. Yan [8] . All the research mentioned above do got some achievements. Nevertheless, a unified scheme for justifying standard has not reached an agreement due to the lack of information database. So there is a long way to go from the assisting clinical practice for auscultation.
The voice signal is a kind of non-stationary and random signal. Its frequency changes along with the time changes. In all methods of signal processing, wavelet analysis is a kind of time-frequency analysis technique. Its non-stationary signal analysis technology has reached a mature stage. The wavelet transform has particular advantages for characterizing signals in different scales in time as well as frequency domains. It uses a series of oscillating functions with different frequencies as window function to deal with transient signals by modulating its resolution in different time-interval. This feature of wavelet transform is more useful for analyzing and characterizing the signals which include the non-stationary components [9] . Nonlinear measures like correlation dimension (CD), largest Lyapunov exponent (LLE) and approximate entropy (ApEn) quantify the degree of complexity in a time series. ApEn have a potential advantage over variability statistics, since they can explicitly account for irregularity seen in sequential segments of data rather than statistics determined from the entire data set without regard to ordering. ApEn values for wavelet coefficients can quantify the degree of complexity in different frequencies, which can show more information than using ApEn only [10] .
Therefore in this paper, DWT and ApEn were combined together to analyze the Chinese auscultation signal. Our research is aimed at applying the modern techniques of voice analysis to analyze the voice signal of the samples of the health, qi-deficiency, and yin-deficiency. We will take the clinical data as basis to extract the parameters ApEn of voice signal by using the wavelet transform in order to analysis the differences among the three samples. First of all, voice signals were decomposed into four layers of wavelet decomposition coefficients, then the ApEn value were computed based on the approximation and detail coefficients, finally the difference among the ApEn of the three samples were analyzed.
II. THEORETICAL BACKGROUND

A. Approximate entropy (ApEn)
Common statistics such as the median, mean and standard deviation have been widely used in voicing and speech analysis, though they are rarely recognized as simple variability statistics. For linear systems e.g., periodic signals, mean and standard deviations are sufficient. However, more complicated signals require an adaptive method of quantification. ApEn describes the rate of producing new information, Approximate entropy is a measure that regularity or predictability of a time series. A low ApEn indicates a less complicated signal while a large ApEn value indicates more complex signals ApEn, unlike Shannon's entropy, takes into account the temporal order of points in a time sequence and is therefore a preferred measure of randomness or regularity. 
B. Discrete wavelet transform(DWT)
Generally, wavelets are purposefully crafted to have specific properties that make them useful for signal processing. Wavelets can be combined, using a "shift, multiply and sum" technique called convolution, with portions of an unknown signal to extract information from the unknown signal. The continuous wavelet transform (CWT) of a signal, x(t), is the integral of the signal multiplied by scaled and shifted versions of a wavelet function ψ and is defined by:
Where parameters a, b are so called the scaling (reciprocal of frequency) and time localization or shifting parameters, respectively. If the scales and shifts are selected based on powers of two, so-called dyadic scales and positions, then the wavelet analysis will be much more efficient. Such analysis is obtained from the DWT which is defined as：
Where a and b are replaced by 2 j and 2 j k ，respectively. In practical uses, the algorithm of multi-resolution signal decomposition proposed by Mallat [12, 13] is generally used. The implementation of the orthogonal wavelet decomposition can be defined as:
Where H and G are the filters corresponding to the wavelet function. Fig.1 . is the schematic drawing of wavelet transform which shows the processing of wavelet decomposition. The symbols: cAs and cDs can be explained as the nodes of every frequency, and they are the coefficients of approximations and detail coefficients. From the drawing, we can infer that the frequency ranges corresponding to the nodes: s, cA1, cD1, cA2, cD2 are 0~8000HZ, 0~4000 HZ, 4000~8000 HZ, 0~2000 HZ, 2000~4000 HZ and so on. 
A. clinical data
In this research, the vowel /a/ was chosen as the utterance. Each subject produced a stable phonation of a sustained English vowel /a/ lasting about one second. The reason for choosing the vowel /a/ is that it is easy for whether patients or healthy people to pronounce. In addition, the voice can be easily sent out by both the healthy and the deficient. Therefore, recently the vowel /a/ was mainly chosen to be used as voice parameters [14] .
The clinical data is provided by the TCM Syndrome laboratory of Shanghai University of Traditional Chinese Medicine who is the partner of our research. The voice signals were digitized using the high-performance microphone and a 16-bit A/D converter connected to a computer at a 16 KHZ sampling rate. The detailed information is listed in TABLE I. 
B. Preprocessing of voice signal using DWT
In the first stage of processing of sample identification, the voice signals including three kinds of samples were analyzed using DWT. Four levels wavelet decomposition was applied as the preprocessing step. The structure for this wavelet decomposition along with the corresponding frequency bands of the approximations and detail coefficients at each level are presented in Fig. 2 . 
C. The ApEn computation
In the second stage, ApEn values of approximation and detailed coefficients at each level of the wavelet decomposition were computed. ApEn of a time series is closely related to two parameters including embedding dimension m and tolerance r were set to 2, 0.2 times the standard deviation of the data respectively based on suggestions by Pincus. As analyzed before, the minimum 500 data points can be obtained if the whole length of original voice signal is 8000 data points. ApEn values for ca1, cd1, ca2, cd2, ca3, cd3, and ca4, cd4 coefficients were computed for all three kinds of samples. Finally, parameters ApEn of all three kinds of samples were obtained for identification as input vectors. 
IV. EXPERIMENTAL RESULTS
Through wavelet transform on voice signals, approximations coefficients ca and detail coefficients cd were computed respectively. Suppose the highest frequency for a voice signal are 8000Hz, then the frequency ranges corresponding to them are ca1(0-4000Hz), cd1(4000-8000Hz), ca2(0-2000Hz), ca3(0-1000Hz), cd3(1000-2000Hz), ca4(0-500Hz), cd4(500-1000Hz). The results summarized in TABLE II revealed that ApEn(0-1000Hz) was higher than the other frequencies for the same group of samples respectively. And the ApEn for group health has a significant difference from the other two groups in that frequency range, from which high accuracy for classifying group health and the other groups can be speculated. In frequency range 0-4000Hz, 4000-8000Hz, 0-2000Hz and 2000-4000Hz, ApEn value for health people is lower than the other two groups; however ApEn value for health becomes lower than the others in frequency 0-1000Hz, 1000-2000Hz, 0-500Hz and 500-1000Hz. In addition, for ApEn value of approximation and detail coefficients, the letter was higher than the former in the first level of wavelet transform. And the former were higher than the letter in the second level of wavelet transform. In the third level, the highest ApEn value can be found, and ApEn values of approximation coefficients were higher than detail coefficients, a good classification results can be speculated if ca3 and cd3 were chosen as input vectors for classifier. Considering the meaning of ApEn, in the frequencies mentioned above, the degree of complexity for these frequencies were higher than the other frequencies, and the degree of complexity for group health in these frequencies were higher than the other two groups. In other words, the probability of a new model appears relatively larger. The possible reason for this is that the spectral distribution for health patient is more flat than deficient patients, which means it is close to equilibrium state. If a signal is more close to equilibrium state, the degree of complexity of it is higher.
V. CONCLUSIONS
The present studies around the world show that quantitative analysis of auscultation is feasible and necessary. In this study the vowel /a/ is chosen as the utterance for each patient to pronounce to get the sample signal. The parameter ApEn has widely been used in many fields once proposed, especially in the complexity analysis of short physiology signal time series. However, so far it has not been reported that the ApEn has been used in the voice signals of auscultation analysis. In this study, wavelet transform and ApEn were combined together to analyze the voice signals of qi-deficiency, yin-deficiency, health. Wavelet decomposition of voice signal into sub-bands through DWT revealed that the ApEn value for health in frequency 0-1000HZ is higher than the other two groups, which also demonstrate that the voice signal of heath people in the frequency range 0-1000HZ has significant nonlinearity. In addition, ApEn values for different wavelet coefficients include important information; therefore it is feasible to analyze the auscultation using this method.
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